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FORK CARRAGE APPARATUS FORA 
MATERALS HANDLING VEHICLE 

APPLICATION INCORPORATED BY 
REFERENCE 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/096,749, filed Sep. 12, 2008 and 
entitled “FORK CARRIAGE APPARATUS FOR A MATE 
RIALS HANDLING VEHICLE' and U.S. Provisional 
Application No. 61/096,745, filed Sep. 12, 2008 and entitled 
MONOMAST FOR A MATERIALS HANDLING 
VEHICLE, the disclosures of which are incorporated by 
reference herein. This application is also being filed concur 
rently with U.S. Ser. No. entitled MONOMAST 
FOR A MATERIALS HANDLING VEHICLE, attorney 
Docket No. CRN 492 P2A, the entire disclosure of which is 
incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates to a materials handling 
vehicle comprising a fork carriage apparatus and, more par 
ticularly, to Such a vehicle including a power unit and a 
monomast coupled to the power unit and Supporting a fork 
carriage apparatus including a fork carriage assembly 
wherein a reach mechanism is provided for effecting move 
ment of the fork carriage assembly between an extended 
position and a compact retracted position. 

BACKGROUND OF THE INVENTION 

0003 U.S. Pat. No. 4,552,250 to Luebrecht discloses a lift 
truck including a monomast comprising an outer, movable 
mast mounted to telescope over an inner mast which is fixed 
to a frame. Each mast is configured to have a substantially 
continuous, unitary tubular body to provide strength for 
resisting torsional and bending loads applied to the mast. 
0004 U.S. Pat. No. 5,022,496 to Klopfleisch et al. dis 
closes a materials handling vehicle including a telescoping 
monomaststructure Supporting a vertically movable platform 
assembly. The platform assembly Supports a pair of extend 
able forks carried by a fork carriage assembly. An auxiliary 
lift cylinder is provided to move the forks vertically relative to 
the platform assembly. 
0005 U.S. Pat. No. 5,738,187 to Dammeyer et al. dis 
closes a forklift truck including a mast assembly formed by a 
pair of stationary channel members and nested movable chan 
nel members. A pair of forks is Supported on a fork carriage 
that is mounted to the mast assembly by a Scissors reach 
mechanism. The Scissors reach mechanism is supported to a 
vertically movable carriage assembly located between the 
channel members of the mast assembly. 
0006 U.S. Pat. No. 6,851,915 to Warner et al. discloses a 
load handling device for an industrial truck. The load han 
dling device is described as comprising a lift carriage that is 
guided on the outer sides of a lift frame by rollers. Load forks 
are Supported on a reach carriage, and the reach carriage 
includes guide rails engaged with rollers on the outer sides of 
the lift carriage. A pair of hydraulic cylinders actuate the 
reach carriage to displace the load forks in a longitudinal 
direction of the industrial truck. 
0007 An improved fork carriage apparatus for a materials 
handling vehicle is desired to provide a reach mechanism on 
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a materials handling vehicle having a monomast structure 
without adversely increasing the overall longitudinal length 
of the vehicle. 

SUMMARY OF THE INVENTION 

0008. In accordance with a first aspect of the invention, a 
materials handling vehicle is provided comprising a vehicle 
power unit; a monomast coupled to the vehicle power unit; 
and a fork carriage apparatus Supported on the monomast. 
The fork carriage apparatus may comprise a mast carriage 
assembly directly coupled to the monomast for vertical move 
ment relative to the monomast; a fork carriage mechanism to 
which forks are mounted; and a reach mechanism including a 
Scissors structure coupled to the mast carriage assembly and 
the fork carriage mechanism for effecting movement of the 
fork carriage mechanism between an extended position and a 
retracted position. 
0009. The scissors structure of the reach mechanism may 
comprise first and second inner arms, each of the first and 
second inner arms including a first end directly coupled to the 
mast carriage assembly and a second end coupled to the fork 
carriage mechanism; first and second outer arms, each of the 
first and second outer arms including a first end directly 
coupled to the mast carriage assembly and a second end 
coupled to the fork carriage mechanism; and wherein the first 
and second inner arms are coupled to the first and second 
Outer arms. 

0010. The reach mechanism may further comprise a cross 
member structure extending between the first and second 
inner arms, the cross member structure including at least one 
cross member having lateral edges attached adjacent to front 
edges of the first and second inner arms to define an inner arm 
weldment. 
0011. The mast carriage assembly may comprise at least 
one carriage frame member extending laterally across a front 
side of the monomast and located in Vertically spaced relation 
to the cross member when the fork carriage mechanism is in 
the retracted position. 
0012. The carriage frame member and the cross member 
may intersect a common vertical plane extending in front of 
and generally parallel to the monomast when the fork carriage 
mechanism is in the retracted position. 
0013 The cross member structure may comprise a plural 
ity of cross members generally aligned in a common plane 
extending adjacent to the front edges of the first and second 
inner arms. 
0014 Two of the cross members may be located on oppos 
ing sides of the carriage frame member when the fork carriage 
mechanism is in the retracted position. 
0015 The fork carriage mechanism may include at least 
one laterally extending fork frame member and, when the 
fork carriage mechanism is in the retracted position, the fork 
frame member and the cross member intersect a common 
Vertical plane extending in front of and generally parallel to 
the monomast. 
0016. The mast carriage assembly may further include 

first and second side members located for movement along 
outer sides of the monomast, and the first ends of the inner and 
outer arms may be coupled to the first and second side mem 
bers. 

0017. The first ends of the first and second inner arms may 
be supported for Vertical movement along vertical tracks in 
the first and second side members, and the first ends of the first 
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and second outer arms may be coupled to the first and second 
side members at respective pivot locations. 
0018. The inner and outer arms may extend substantially 
Vertically and be located in overlapping relationship over the 
first and second side members when the fork carriage mecha 
nism is in the retracted position. 
0019. The fork carriage apparatus may further comprise a 
piston/cylinder apparatus coupled between at least one of the 
side members and a respective one of the outer or inner arms 
for actuating the reach mechanism between the extended and 
retracted positions. 
0020. In accordance with a second aspect of the invention, 
a materials handling vehicle is provided comprising a vehicle 
power unit; a monomast coupled to the vehicle power unit; 
and a fork carriage apparatus Supported on the monomast. 
The fork carriage apparatus may comprise a mast carriage 
assembly movably coupled to the monomast and including at 
least one carriage frame member extending laterally across a 
front side of the monomast; a fork carriage mechanism to 
which forks are mounted; and a reach mechanism coupled to 
the mast carriage assembly and the fork carriage mechanism 
for effecting movement of the fork carriage mechanism 
between an extended position and a retracted position, the 
reach mechanism including at least one laterally extending 
cross member which is located in vertically spaced relation to 
the carriage frame member when the fork carriage mecha 
nism is in the refracted position. 
0021. The at least one carriage frame member may com 
prise first and second carriage frame members extending 
laterally across the front side of the monomast, and the cross 
member may be located between the first and second carriage 
frame members when the fork carriage mechanism is in the 
retracted position. 
0022. The carriage frame member and the cross member 
may intersect a common vertical plane extending in front of 
and generally parallel to the monomast when the fork carriage 
mechanism is in the retracted position. 
0023 The reach mechanism may comprise a plurality of 
cross members and the carriage frame member may be 
located between two of the cross members when the fork 
carriage mechanism is in the retracted position. 
0024. The fork carriage mechanism may include at least 
one laterally extending fork frame member, and the fork 
frame member may be located between the two cross mem 
bers when the fork carriage mechanism is in the retracted 
position. 
0025. In accordance with a third aspect of the invention a 
materials handling vehicle is provided comprising a vehicle 
power unit; a monomast comprising a first stage weldment 
coupled to the vehicle power unit, a second stage weldment 
positioned to telescope over the first stage weldment, and a 
third stage weldment positioned to telescope over the first and 
second stage weldments; and a fork carriage apparatus Sup 
ported on the monomast. The fork carriage apparatus may 
comprise a mast carriage assembly directly coupled to the 
third stage weldment for vertical movement relative to the 
monomast and including side members; a fork carriage 
mechanism to which forks are mounted; and a reach mecha 
nism including a scissors structure coupled to the mast car 
riage assembly and to the fork carriage mechanism for effect 
ing movement of the fork carriage mechanism between an 
extended position and a retracted position. 
0026. The scissors structure of the reach mechanism may 
comprise first and second inner arms, each of the first and 
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second inner arms including a first end directly supported for 
movement along a vertical track in a respective one of the side 
members and a second end coupled to the fork carriage 
mechanism; first and second outer arms, each of the first and 
second outer arms including a first end directly coupled at a 
pivot point to a respective one of the side members and a 
second end coupled to the fork carriage mechanism; and the 
first and second inner arms coupled to the first and second 
Outer arms. 

0027. A plurality of cross members may extend between 
the first and second inner arms, the cross members having 
lateral edges attached adjacent to front edges of the first and 
second inner arms to define an inner arm weldment. 
0028. The inner and outer arms may extend substantially 
Vertically and may be located in overlapping relationship over 
the side members when the fork carriage mechanism is in the 
retracted position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a plan view of a materials handling truck 
including a fork carriage apparatus in accordance with the 
present invention; 
0030 FIG. 2 is a front elevational view of the materials 
handling truck illustrated in FIG. 1 with the fork carriage 
apparatus raised out of view: 
0031 FIG. 3 is a top plan view of a monomast of the 
materials handling vehicle and including the fork carriage 
apparatus; 
0032 FIG. 4 is a right side view of an upper portion of the 
monomast and showing a portion of the hydraulic system for 
providing hydraulic fluid to the fork carriage apparatus; 
0033 FIG. 5 is a left side view of the materials handling 
vehicle illustrating a reach mechanism for the fork carriage 
apparatus; 
0034 FIG. 6 is a right side cut-away view of the fork 
carriage apparatus in an extended position; 
0035 FIG. 7 is a right side cut-away view of the fork 
carriage apparatus in a retracted position; 
0036 FIG. 8 is a right side perspective view of the fork 
carriage apparatus in a refracted position; 
0037 FIG. 9 is a top perspective view of an alternative 
embodiment of the fork carriage apparatus in an extended 
position; 
0038 FIG. 10 is a right rear perspective view of the alter 
native embodiment of FIG.9 showing the fork carriage appa 
ratus in an extended position; 
0039 FIG. 11 is a right side cut-away view of the alterna 
tive embodiment of FIG. 9 showing the fork carriage appara 
tus in a refracted position; 
0040 FIG. 12 is a right side front perspective view of the 
third stage weldment; 
0041 FIG. 13 is a right side rear perspective view of the 
third stage weldment; 
0042 FIG. 14 is a perspective view of a rear portion of the 
monomast and fork carriage apparatus with a power unit of 
the vehicle and a third stage weldment removed; and 
0043 FIG. 15 is a rear view of the third stage weldment 
illustrating the cylinder of the fork carriage lift structure 
coupled to the third stage weldment rear plate. 

DETAILED DESCRIPTION OF THE INVENTION 

0044 FIG. 1 illustrates a top view of a rider reach truck 
100. A monomast 200, a fork carriage apparatus 300 and a 
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fork carriage apparatus lift structure 400, constructed in 
accordance with the present invention, are incorporated into 
the rider reach truck 100, see also FIG. 3. While the present 
invention is described herein with reference to the rider reach 
truck 100, it will be apparent to those skilled in the art that the 
invention and variations of the invention can be more gener 
ally applied to a variety of other materials handling vehicles, 
Such as a sit-down counterbalanced truck or a stand-up coun 
terbalanced truck. 

0045. The truck 100 further includes a vehicle power unit 
102, see FIGS. 1 and 2, including a longitudinal centerline 
CLoo, see FIG.1. The power unit 102 houses a battery (not 
shown) for Supplying power to a traction motor coupled to a 
steerable wheel (not shown) mounted near a first corner at the 
rear 102A of the power unit 102. Mounted to a second corner 
at the rear 102A of the power unit 102 is a caster wheel (not 
shown). A pair of outriggers 202 and 204 are mounted to a 
monomast frame 210, see FIG. 2. The outriggers 202 and 204 
are provided with supports wheels 202A and 204A. The bat 
tery also supplies power to a motor (not shown), which drives 
a hydraulic pump (not shown). The pump supplies pressur 
ized hydraulic fluid to the fork carriage lift apparatus structure 
400 and to a mast weldment lift structure (not shown). 
0046. The vehicle power unit 102 includes an operator's 
compartment 110, which, in the illustrated embodiment, is 
positioned on a side of the longitudinal centerline CLoo of 
the vehicle power unit 102 opposite a side where the mono 
mast 200 is positioned, see FIG.1. An operator standing in the 
compartment 110 may control the direction of travel of the 
truck 100 via a tiller 120. The operator may also control the 
travel speed of the truck 100, and height, extension, tilt and 
side shift of first and second forks 402 and 404 via a multi 
function controller 130, see FIG.1. The first and second forks 
402 and 404 form part of the fork carriage apparatus 300. 
0047. The monomast 200 has a longitudinal centerline 
CLoo, see FIG.1. As is apparent from FIG. 1, the monomast 
longitudinal centerline CLoo is offset from, i.e., spaced lat 
erally from, the longitudinal centerline CLoo of the vehicle 
power unit 102. Further, the monomast longitudinal center 
line CLoo is Substantially parallel with the longitudinal cen 
terline CLoo of the vehicle power unit 102. Because the 
monomast longitudinal centerline CLoo is not angled or 
oblique to the longitudinal centerline CLoo of the vehicle 
power unit 102, the overall length of the truck 100 in a 
direction parallel to the monomast longitudinal centerline 
CLoo can be minimized, i.e., made shorter than a truck 
including a monomasthaving alongitudinal centerline that is 
not parallel to a longitudinal centerline of the vehicle power 
unit. In the illustrated embodiment, the monomast longitudi 
nal centerline CLoo is laterally offset approximately 8 inches 
from the longitudinal centerline CLoo of the vehicle power 
unit 102, see arrow LO in FIG. 1, wherein the vehicle power 
unit 102 has a width W of about 42 inches. These dimensions 
can be varied, as will be apparent to one skilled in the art. 
0048. The monomast 200 comprises a first stage weldment 
230, a second stage weldment 240 positioned to telescope 
over the first stage weldment 230 and a third stage weldment 
250 positioned to telescope over the first and second stage 
weldments 230 and 240, see FIG. 3. The monomast 200 may 
be constructed in essentially the same manner as the mono 
mast disclosed in the concurrently filed application U.S. Ser. 
No. (Attorney Docket No. CRN 492 P2A) entitled 
MONOMAST FOR A MATERIALS HANDLING 
VEHICLE, which has previously been incorporated by ref 
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erence herein. The monomast 200 further comprises a mast 
weldment lift structure (not shown), which effects staged 
lifting movement of the second and third stage weldments 
230 and 240 relative to the first stage weldment 230. The mast 
weldment lift structure may be constructed in the same man 
ner as the mast weldment lift structure set out in the concur 
rently filed application U.S. Ser. No. (Attorney 
Docket No. CRN 492 P2A) entitled MONOMAST FOR A 
MATERIALS HANDLING VEHICLE, which has previ 
ously been incorporated by reference herein. As is apparent 
from FIGS. 2 and 3, the monomast 200 comprises a single 
structure having a unitary tubular form and does not comprise 
spaced-apart vertical channels or rails joined by horizontal 
members wherein an open area is located between the spaced 
apart vertical channels or rails. 
0049. The fork carriage apparatus 300 is coupled to the 
third stage weldment 250 so as to move vertically relative to 
the third stage weldment 250, see FIG. 4. The fork carriage 
apparatus 300 also moves vertically with the third stage weld 
ment 250 relative to the first and second stage weldments 230 
and 240. The fork carriage apparatus 300 comprises a fork 
carriage mechanism 310 to which the first and second forks 
402 and 404 are mounted, see FIG. 5. The fork carriage 
mechanism 310 is mounted to a reach mechanism 320 which, 
in turn, is mounted to a mast carriage assembly 330, see FIGS. 
4 and 5. The mast carriage assembly 330 comprises a main 
unit 332 including first and second side members 336A and 
336B, see FIGS. 3, 4 and 5. Each of the side members 336A, 
336B support a plurality of rollers 334 which are received in 
tracks 350 formed in opposing outer sides surfaces 250B and 
250C of the third stage weldment 250, see FIG. 3. In the 
illustrated embodiment, the main unit 332 further comprises 
first, second, third and fourth Vertically spaced apart and 
horizontally extending carriage frame members 332A, 332B, 
332C and 332D extending across a front side FS of the mono 
mast 200, see FIGS. 4, 5 and 6. The carriage frame members 
332A, 332B, 332C, 332D are rigidly attached to the side 
members 336A and 336B. 

0050 Referring to FIGS. 4, 5, 6 and 7, the reach mecha 
nism 320 comprises a pantograph or Scissors structure having 
first and second inner arms 342A and 342B, and first and 
second outer arms 352A and 352B. The first and second inner 
arms 342A and 342B include first ends 344A and 34.4B 
directly coupled to the side members 336A and 336B of the 
mast carriage assembly 330, and second ends 346A and 346B 
pivotally coupled to the fork carriage mechanism 310. Each 
of the first ends 344A and 344B includes a roller 368. The 
rollers 368 are received in vertically extending tracks 370 
formed in the outer sides of the side members 336A and 
336B. The rollers 368 engaged within the tracks 370 form a 
sliding coupling between the first ends 344A and 34.4B of the 
inner arms 342A and 342B and the side members 336A and 
336B. 

0051. The first and second outer arms 352A and 352B 
include first ends 354A and 354B directly coupled to the side 
members 336A and 336B of the mast carriage assembly 330, 
and second ends 356A and 356B pivotally coupled to the fork 
carriage mechanism 310, see FIGS. 4, 5, 6 and 7. Each of the 
side members 336A and 336B includes a pivot location 372 
where the first ends 354A and 354B of the first and second 
outer arms 352A and 352B are coupled to the side members 
336A and 336B, see FIGS. 4 and 5. 
0052. The first and second inner arms 342A and 342B are 
coupled to the first and second outer arms 352A and 352B at 
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pivot connections 358, see FIGS. 4, 5 and 6. A hydraulic 
piston/cylinder apparatus 373 is provided for effecting move 
ment of the reach mechanism 320. In the illustrated embodi 
ment, the piston/cylinder apparatus 373 comprises a cylinder 
374 extending from each of the side members 336A and 336B 
and including a ram 376 extending to a coupling tab 378 
provided on each of the first and second outer arms 352A and 
352B, see FIGS. 4, 5, 6, 7 and 8. Movement of the rams 376 
out of the cylinders 374 effects pivotal movement of the outer 
arms 352A and 352Boutwardly from the side members 336A 
and 336B to move the fork carriage mechanism 310 in a 
longitudinal direction, as designated by arrow LD in FIG. 7, 
to an extended position, see FIGS. 4 and 5. Movement of the 
rams 376 into the cylinders 374 effects movement of the fork 
carriage mechanism 310 to a retracted position locating the 
fork carriage mechanism 310 adjacent to the monomast 200, 
see FIGS. 7 and 8. It is contemplated that the piston/cylinder 
apparatus 373 may be coupled to the first and second inner 
arms 342A, 342B instead of the first and second outer arms 
352A, 352B. 
0053 Referring to FIGS. 3, 5 and 8, the fork carriage 
mechanism 310 generally comprises in the illustrated 
embodiment a pair of vertical plates 380A and 380B and first, 
second and third vertically spaced apart fork frame members 
382A, 382B and 382C attached to the vertical plates 380A 
and 380B, and first and second L-shaped supports 398A and 
398B coupled to the first fork frame member 382A, see FIGS. 
5, 6 and 7. The second ends 346A and 346B of the first and 
second inner arms 342A and 342B are attached to the 
L-shaped supports 398A and 398B at connection locations 
386, and the second ends 356A and 356B of the first and 
second outer arms 352A and 352B are attached to the vertical 
plates 380A and 380B at connection locations 388, see FIGS. 
5, 6 and 8 (only the connection of outer arm 352B to vertical 
plate 380B is shown in the drawings). The forks 402 and 404 
are supported on the second fork frame member 382B via a 
side shift structure 384 forming part of the carriage frame 
mechanism 310. In the illustrated embodiment, the side shift 
structure 384 comprises a conventional side shift apparatus 
that allows the forks 402 and 404 to be manually moved 
toward or away from each other or in unison side-to-side 
along a transverse axis 392, see FIG. 8. 
0054 Across member structure 360 extends between the 

first and second inner arms 342A and 342B and comprises in 
the illustrated embodiment first, second, third and fourth lat 
erally extending cross members 362A, 362B, 362C and 
362D, see FIG. 6. The lateral edges or ends of the cross 
members 362A, 362B, 362C and 362D are preferably 
attached at or adjacent to front edges 364A and 364B of the 
inner arms 342A and 342B, see FIGS. 4 and 6. The cross 
members 362A, 362B, 362C and 362D are generally aligned 
in a common cross member plane Poo extending adjacent to 
the front edges 364A and 364B of the inner arms 342A and 
342B, see FIG. 6. The cross member structure 360 together 
with the inner arms 342A and 342B define an inner arm 
weldment 366 that functions to substantially resist torsional 
forces applied to the reach mechanism 320. Such as through 
load forces applied on the fork carriage mechanism 310, see 
FIGS. 4,5 and 6. The area within the inner arm weldment 366, 
i.e., behind the cross member structure 360, comprises an 
open pocket OP for receiving the fork carriage assembly 330 
during retracting movement of the reach mechanism 320, as 
is described further below, see FIG. 6. Although the cross 
members 362A, 362B, 362C and 362D may be formed with 
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any cross sectional configuration to provide rigidity to the 
inner arm weldment 366, in the illustrated embodiment, the 
first, second and third cross members 362A, 362B and 362C 
have a rectangular tubular cross section and the fourth cross 
member 362D has a rectangular solid or plate-like cross sec 
tion, see FIGS. 6 and 7. 
0055. In the retracted position of the fork carriage mecha 
nism 310, the cross members 362A, 362B,362C and 362D of 
the inner arm weldment 366 and one or more of the carriage 
frame members 332A, 332B, 332C, 332D of the mast car 
riage assembly 320 are preferably located in a first common 
Vertical plane Po extending Substantially parallel to the front 
side FS of the monomast 200, see FIG. 7. The carriage frame 
members 332A, 332B, 332C, 332D are positioned such that 
they are located in Vertically spaced relation to the cross 
members 362A, 362B, 362C and 362D, and the cross mem 
bers 362A, 362B,362C and 362D may be in at least partially 
nested relation between the carriage frame members 332A, 
332B, 332C,332D, when the fork carriage mechanism 310 is 
in the retracted position. Similarly, the fork frame members 
382A, 382B and 382C are preferably located in vertically 
spaced relation to the cross members 362A, 362B, 362C and 
362D, and at least one of the fork frame members 382A, 382B 
and 382C is located in a second common vertical plane Po 
with one or more of the cross members 362A, 362B, 362C 
and 362D, substantially parallel to the front side FS of the 
monomast 200, when the fork carriage mechanism 310 is in 
the retracted position, see FIG. 7. The space between at least 
two of the cross members 362B and 362C may accommodate 
at least one carriage frame member 332B, and at least one fork 
frame member 382A, as illustrated in FIG.7 by the fork frame 
member 382A having a square cross section. 
0056. The arrangement of the cross members 362A, 362B, 
362C and 362D in vertically spaced relation to the carriage 
frame members 332A, 332B, 332C,332D and the fork frame 
members 382A, 382B and 382C facilitates close positioning 
of the cross member structure 360 to the fork carriage assem 
bly 330 and, hence, to the front of the monomast 200 and 
close positioning of the fork carriage mechanism 310 to the 
inner arm weldment 366, to minimize the overall longitudinal 
length of the fork carriage apparatus 300 in the longitudinal 
direction LD, and hence the overall longitudinal length of the 
truck 100 in the longitudinal direction LD, when the fork 
carriage mechanism 310 is in the retracted position, see FIGS. 
7 and 8. 
0057 The compact configuration of the fork carriage 
apparatus 300 in relation to the monomast 200 is additionally 
facilitated by the inner and outer arms 342A, 342B and 352A, 
352B extending substantially vertically along the outer sides 
of the side members 336A and 336B of the mast carriage 
assembly 330, see FIGS. 7 and 8. By locating the cross 
member structure 360 adjacent the front edges 364A and 
364B of the inner arms 342A and 342B, the inner arm weld 
ment 366 may be positioned extending around the fork car 
riage assembly 330 and the monomast 200 with the vertical 
plates 380A and 380B of the fork carriage mechanism 310 
positioned along the outer sides of the outer arms 352A and 
352B of the reach mechanism 320, see FIGS. 3 and 8. 
0058. The fork carriage apparatus lift structure 400 com 
prises a hydraulic piston/cylinder apparatus 410 including a 
cylinder 412 and a ram 414, see FIG. 4. The cylinder 412 is 
fixedly coupled to a side section 257D of a third stage weld 
ment rear plate 257 via first and second upper coupling ele 
ments 1257E and 1257F and first and second lower coupling 
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elements 2257E and 2257F, see FIGS. 3, 12, 13, 14 and 15. 
The first upper coupling element 1257E is welded to the side 
section 257D of the third stage weldment rear plate 257, see 
FIGS. 3, 12 and 13. The second upper coupling element 
1257F is welded to the cylinder 412, see FIGS. 14 and 15. The 
first upper coupling element 1257E and the second upper 
coupling element 1257F are bolted together via bolts 3257A, 
see FIGS. 14 and 15. The first lower coupling element 2257E 
is welded to the side section 257D of the third stage weldment 
rear plate 257, see FIGS. 12, 13 and 15. The second lower 
coupling element 2257F is welded to the cylinder 412, see 
FIG. 15. The first lower coupling element 2257E and the 
second lower coupling element 2257F are joined via pin 
3257B, see FIG. 15. The cylinder 412 is mounted to a rear 
portion 1257D of the side section 257 D near an intersection 
257F of the side section 257D and a back Section 257G of the 
rear plate 257, see FIGS. 3 and 13. 
0059 First and second pulleys 420 and 422 are coupled to 
an upper end of the ram 414, see FIG. 4. A lift chain 440 
extends over the first pulley 420 and is coupled at a first end 
440A to the cylinder 412 via chain anchors and a bracket 441 
welded to the cylinder 412 and at its second end 440B to the 
mast carriage assembly 330, see FIG. 4. Vertical movement of 
the ram 414 effects vertical movement of the entire fork 
carriage apparatus 300 relative to the third stage weldment 
250. Supply and return hydraulic hoses 430 extend over the 
second pulley 422 or a separate pulley, see FIG. 4. The 
hydraulic hoses 430 define hydraulic fluid supply and return 
paths for the fork carriage apparatus 300. One or more elec 
trical cables 431 may also extend over the second pulley 422, 
see FIGS. 4 and 14. The one or more electrical cables 431 may 
control the operation of one or more electronically controlled 
valves forming part of the fork carriage apparatus 300. 
0060 A hydraulic hose 600 extends over a first pulley 
1240 coupled to a rear plate 247 of the second stage weldment 
240, see FIG. 14 (the third stage weldment 250 is not illus 
trated in FIG. 14). The hose 600 is coupled at a first end 600A 
to a hydraulic Supply source (not shown) on the vehicle power 
unit 102 and to a base of the cylinder 412 of the fork carriage 
apparatus lift structure 400, see FIG. 14. 
0061 First and second hydraulic supply and return hoses 
610 extend over a second pulley 1242 coupled to the rear plate 
247 of the second stage weldment 240, see FIG. 14. First ends 
610A of the hydraulic hoses 610 are coupled to appropriate 
hydraulic fluid supply and return structure provided on the 
vehicle power unit 102 and second ends 610B of the hydraulic 
hoses 610 are coupled to metal lines 620, which, in turn, are 
coupled to the hydraulic hoses 430 discussed above. 
0062 Referring to FIGS. 4 and 5, hydraulic fluid may be 
conveyed from the hydraulic hoses 430 to a manifold 456. 
The manifold 456 includes solenoid actuated valves (not 
shown) controlling Supply of fluid through hydraulic hoses 
432 to a fluid junction 450. The fluidjunction 450 is coupled 
to hydraulic fluid supply and return structure 452 extending to 
the piston/cylinder apparatus 373 coupled to the first arm 
352A to effect movement of the ram 376 relative to the 
cylinder 374. Metal lines 454 may extend from the fluid 
junction 450 around the front side of the third stage weldment 
250 to provide hydraulic fluid to the piston/cylinder apparatus 
373 on the opposite side of the monomast 200, see FIG. 5. 
0063. It should be noted that variations on the above 
described structure may be provided for forming a compact 
longitudinal length when the fork carriage mechanism 310 is 
located in the retracted position. For example, FIGS. 9, 10 and 
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11 illustrate an alternative embodiment of the fork carriage 
apparatus in which elements corresponding to the first 
described embodiment are labeled with the same reference 
numeral increased by 1000. In accordance with the second 
illustrated embodiment, a fork carriage apparatus 1300 com 
prises a fork carriage mechanism 1310 to which first and 
second forks 1402, 1404 are mounted. The fork carriage 
mechanism 1310 is mounted to a reach mechanism 1320 
which, in turn, is mounted to a mast carriage assembly 1330. 
The mast carriage assembly 1330 comprises a main unit 1332 
including first and second side members 1336A and 1336B, 
see FIGS.9 and 10. Each of the side members 1336A, 1336B 
support a plurality of rollers 1334 which are received in the 
tracks 350 formed in the opposing outer side surfaces 250B 
and 250C of the third stage weldment 250, see FIG. 3. In the 
illustrated embodiment, the main unit 1332 further comprises 
first, second, third and fourth Vertically spaced apart and 
horizontally extending carriage frame members 1332A, 
1332B, 1332C and 1332D extending across the front side FS 
of the monomast 200, see FIGS. 10 and 11. The carriage 
frame members 1332A, 1332B, 1332C, 1332D are rigidly 
attached to the side members 1336A and 1336B. 

0064. The reach mechanism 1320 comprises a pantograph 
or Scissors structure having first and secondinner arms 1342A 
and 1342B, and first and second outer arms 1352A and 
1352B, see FIGS. 9 and 10. The first and second inner arms 
1342A and 1342B include first ends 1344A and 1344B (only 
the first end 1344A is shown in FIGS. 9-11) directly coupled 
to the side members 1336A and 1336B of the mast carriage 
assembly 1330, and second ends 1346A and 1346B pivotally 
coupled to the fork carriage mechanism 1310. Each of the first 
ends 1344A and 1344B (1344B not shown) includes a roller 
1368. The rollers 1368 are received in vertically extending 
tracks 1370 formed in the outer sides of the side members 
1336A and 1336B. The rollers 1368 engaged within the 
tracks 1370 form a sliding coupling between the first ends 
1344A and 1344B (1344B not shown) of the inner arms 
1342A and 1342B and the side members 1336A and 1336B. 

0065. The first and second outer arms 1352A and 1352B 
include first ends 1354A and 1354B directly coupled to the 
side members 1336A and 1336B of the mast carriage assem 
bly 1330, and second ends 1356A and 1356B pivotally 
coupled to the fork carriage mechanism 1310, see FIG. 9. 
Each of the side members 1336A and 1336B includes a pivot 
location 1372 where the first ends 1354A and 1354B of the 
first and second outer arms 1352A and 1352B are coupled to 
the side members 1336A and 1336B (only pivot connection 
1372 to side member 1336A is shown), see FIGS. 9 and 10. 
0066. The first and second inner arms 1342A and 1342B 
are coupled to the first and second outer arms 1352A and 
1352B at pivot connections 1358, see FIGS. 9 and 10. A 
hydraulic piston/cylinder apparatus 1373 is provided for 
effecting movement of the reach mechanism 1320. In the 
illustrated embodiment, the piston/cylinder apparatus 1373 
comprises a cylinder 1374 extending from each of the side 
members 1336A and 1336B and including a ram 1376 
extending to a coupling tab 1378 provided on each of the first 
and second outer arms 1352A and 1352B (only piston/cylin 
der apparatus 1373 connected to outer arm 1352A shown), 
See FIGS. 9 and 10. Movement of the rams 1376 out of the 
cylinders 1374 effects pivotal movement of the outer arms 
1352A and 1352B outwardly from the side members 1336A 
and 1336B to move the fork carriage mechanism 1310 in a 
longitudinal direction, as designated by arrow LD in FIG.10, 
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to an extended position, see FIGS.9 and 10. Movement of the 
rams 1376 into the cylinders 1374 effects movement of the 
fork carriage mechanism 1310 to a retracted position locating 
the fork carriage mechanism 1310 adjacent to the monomast 
200, see FIG. 11. It is contemplated that the piston/cylinder 
apparatus 1373 may be coupled to the first and second inner 
arms 1342A, 1342B instead of the first and second outer arms 
1352A, 1352B. 
0067. In the illustrated embodiment, the fork carriage 
mechanism 1310 generally comprises a pair of vertical plates 
1380A and 1380B and first, second and third vertically 
spaced apart fork frame members 1382A, 1382B and 1382C 
attached to the vertical plates 1380A and 1380B, see FIGS. 10 
and 11. The second ends 1346A and 1346B of the first and 
second inner arms 1342A and 1342B are attached to the 
vertical plates 1380A and 1380B at connection locations 
1386, and the second ends 1356A and 1356B of the first and 
second outer arms 1352A and 1352B are attached to the 
vertical plates 1380A and 1380B at connection locations (not 
shown), see FIGS. 9 and 10. The forks 1402 and 1404 are 
supported on the second fork frame member 1382B via a side 
shift structure 1384 forming part of the carriage frame mecha 
nism 1310. In the illustrated embodiment, the side shift struc 
ture 1384 comprises a conventional hydraulically actuated 
side shift mechanism including a hydraulic piston/cylinder 
1396 that effects movement of the forks 1402 and 1404 
toward or away from each other or in unison side-to-side 
along a transverse axis 1392, see FIGS. 10 and 11. Additional 
positioning of the forks 1402 and 1404 may be provided by a 
tilt structure 1390 which in the illustrated embodiment com 
prises a single hydraulic piston/cylinder 1394 supported on 
the vertical plate 1380A for effecting tilting movement of the 
forks 1402 and 1404 about the transverse axis 1392, see 
FIGS. 9 and 10. 

0068 Across member structure 1360 extends between the 
first and second inner arms 1342A and 1342B and comprises 
in the illustrated embodiment first, second, third and fourth 
laterally extending cross members 1362A, 1362B, 1362C and 
1362D, see FIGS. 9 and 11. The lateral edges or ends of the 
cross members 1362A, 1362B, 1362C and 1362D are prefer 
ably attached at or adjacent to front edges 1364A and 1364B 
of the inner arms 1342A and 1342B, see FIGS.9 and 10. The 
cross members 1362A, 1362B, 1362C and 1362D are gener 
ally aligned in a common cross member plane Poo, see FIG. 
11, extending adjacent to the front edges 1364A and 1364B of 
the inner arms 1342A and 1342B (only front edge 1364B and 
inner arm 1342B are shown in FIG. 11). The cross member 
structure 1360 together with the inner arms 1342A and 1342B 
define an inner arm weldment 1366, and the area within the 
inner arm weldment 1366, i.e., behind the cross member 
structure 1360, comprises an open pocket OF for receiving 
the mast carriage assembly 1330 and the monomast 200 dur 
ing retracting movement of the reach mechanism 1320, see 
FIGS. 9 and 10. In the illustrated embodiment, the first, sec 
ond and third cross members 1362A, 1362B and 1362C have 
a rectangular tubular cross section and the fourth cross mem 
ber 1362D has a rectangular solid or plate-like cross section, 
See FIG. 11. 

0069. In the retracted position of the fork carriage mecha 
nism 1310, the cross members 1362A, 1362B, 1362C and 
1362D of the inner arm weldment 1366 and one or more of the 
carriage frame members 1332A, 1332B, 1332C, 1332D of the 
mast carriage assembly 1320 are preferably located in a first 
common vertical plane P'o extending Substantially parallel 

Mar. 18, 2010 

to the front side FS of the monomast 200, see FIG. 11. The 
carriage frame members 1332A, 1332B, 1332C, 1332D are 
positioned Such that they are located in Vertically spaced 
relation to the cross members 1362A, 1362B, 1362C and 
1362D, and the cross members 1362A, 1362B, 1362C and 
1362D may be in at least partially nested relation between the 
carriage frame members 1332A, 1332B, 1332C, 1332D, 
when the fork carriage mechanism 1310 is in the retracted 
position. Similarly, the fork frame members 1382A, 1382B 
and 1382C are preferably located in vertically spaced relation 
to the cross members 1362A, 1362B, 1362C and 1362D. In 
the illustrated embodiment, at least one of the fork frame 
members 1382A is formed with a rectangular cross section 
elongated in the vertical direction, providing Sufficient struc 
tural strength to the fork carriage mechanism 1310 without 
overlapping a second common vertical plane P'o passing 
through one or more of the cross members 1362A, 1362B, 
1362C and 1362D, substantially parallel to the front side FS 
of the monomast 200, when the fork carriage mechanism 
1310 is in the retracted position, see FIG. 11. 
0070 The arrangement of the cross members 1362A, 
1362B, 1362C and 1362D in vertically spaced relation to the 
carriage frame members 1332A, 1332B, 1332C, 1332D and 
the fork frame members 1382A, 1382B and 1382C facilitates 
close positioning of the cross member structure 1360 to the 
front of the monomast 200 and close positioning of the fork 
carriage mechanism 1310 to the inner arm weldment 1366, to 
minimize the overall longitudinal length of the fork carriage 
apparatus 1300 in the longitudinal direction LD, and hence 
the overall longitudinal length of the truck 100 in the longi 
tudinal direction LD, when the fork carriage mechanism 1310 
is in the retracted position, see FIG. 11. 
0071. A manifold 1456 is supported on the side member 
1336A for receiving hydraulic fluid conveyed from hydraulic 
hoses 1430. Hydraulic fluid may be supplied to the hydraulic 
hoses 1430 by structure similar to that illustrated in the first 
embodiment described herein. The manifold 1456 includes 
Solenoid actuated valves (not shown) for controlling Supply 
offluid through hydraulic hoses 1432 to a fluidjunction 1450. 
The fluid junction 1450 is coupled to hydraulic fluid supply 
and return hoses 1452 extending to the piston/cylinder appa 
ratus 1373 to effect movement of the ram 1376 relative to the 
cylinder 1374, see FIG. 10. Metal lines 1454 may extend from 
the fluidjunction 1450 around the front side of the third stage 
weldment 250 to provide hydraulic fluid to the piston/cylin 
der apparatus 1373 on the opposite side of the monomast 200, 
see FIG.9. In addition, the manifold 1456 controls the supply 
of hydraulic fluid via hydraulic hoses (not shown) to the 
piston/cylinder 1396 for effecting movement of the side shift 
structure 1380, and supplies hydraulic fluid via hydraulic 
hoses (not shown) to the piston/cylinder 1394 for effecting 
movement of the tilt structure 1390. 
0072 While particular embodiments of the present inven 
tion have been illustrated and described, it would be obvious 
to those skilled in the art that various other changes and 
modifications can be made without departing from the spirit 
and scope of the invention. It is therefore intended to cover in 
the appended claims all Such changes and modifications that 
are within the scope of this invention. 
What is claimed is: 
1. A materials handling vehicle comprising: 
a vehicle power unit; 
a monomast coupled to said vehicle power unit; and 
a fork carriage apparatus Supported on said monomast; 
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said fork carriage apparatus comprising: 
a mast carriage assembly directly coupled to said mono 

mast for vertical movement relative to said mono 
maSt. 

a fork carriage mechanism to which forks are mounted; 
and 

a reach mechanism including a scissors structure 
coupled to said mast carriage assembly and said fork 
carriage mechanism for effecting movement of said 
fork carriage mechanism between an extended posi 
tion and a retracted position. 

2. The materials handling vehicle as set out in claim 1, 
wherein said Scissors structure of said reach mechanism com 
prises: 

first and second inner arms, each of said first and second 
inner arms including a first end directly coupled to said 
mast carriage assembly and a second end coupled to said 
fork carriage mechanism; 

first and second outer arms, each of said first and second 
outer arms including a first end directly coupled to said 
mast carriage assembly and a second end coupled to said 
fork carriage mechanism; and 

said first and second inner arms coupled to said first and 
second outer arms. 

3. The materials handling vehicle as set out in claim 2, 
wherein said reach mechanism further comprises a cross 
member structure extending between said first and second 
inner arms, said cross member structure including at least one 
cross member having lateral edges attached adjacent to front 
edges of said first and second inner arms to define an inner 
arm weldment. 

4. The materials handling vehicle as set out in claim 3, 
wherein said mast carriage assembly comprises at least one 
carriage frame member extending laterally across a front side 
of said monomast and located in Vertically spaced relation to 
said cross member when said fork carriage mechanism is in 
said retracted position. 

5. The materials handling vehicle as set out in claim 4, 
wherein said carriage frame member and said cross member 
intersect a common vertical plane extending in front of and 
generally parallel to said monomast when said fork carriage 
mechanism is in said retracted position. 

6. The materials handling vehicle as set out in claim 4. 
wherein said cross member structure comprises at least one 
cross member generally aligned with at least one other cross 
member in a common plane extending adjacent to said front 
edges of said first and second inner arms. 

7. The materials handling vehicle as set out in claim 6, 
wherein two of said cross members are located on opposing 
sides of said carriage frame member when said fork carriage 
mechanism is in said retracted position. 

8. The materials handling vehicle as set out in claim 3, 
wherein said fork carriage mechanism includes at least one 
laterally extending fork frame member and, when said fork 
carriage mechanism is in said retracted position, said fork 
frame member and said cross member intersect a common 
Vertical plane extending in front of and generally parallel to 
said monomast. 

9. The materials handling vehicle as set out in claim 2, 
wherein said mast carriage assembly further includes first and 
second side members located for movement along outer sides 
of said monomast, and said first ends of said inner and outer 
arms are coupled to said first and second side members. 
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10. The materials handling vehicle as set out in claim 9. 
wherein said first ends of said first and second inner arms are 
Supported for vertical movement along vertical tracks in said 
first and second side members, and said first ends of said first 
and second outer arms are coupled to said first and second 
side members at respective pivot locations. 

11. The materials handling vehicle as set out in claim 9. 
wherein said inner and outer arms extend Substantially verti 
cally and are in overlapping relationship over said first and 
second side members when said fork carriage mechanism is 
in said retracted position. 

12. The materials handling vehicle as set out in claim 9. 
wherein said fork carriage apparatus further comprises a pis 
ton/cylinder apparatus coupled between at least one of said 
side members and a respective one of said outer or inner arms 
for actuating said reach mechanism between said extended 
and retracted positions. 

13. A materials handling vehicle comprising: 
a vehicle power unit; 
a monomast coupled to said vehicle power unit; and 
a fork carriage apparatus Supported on said monomast; 
said fork carriage apparatus comprising: 

a mast carriage assembly movably coupled to said 
monomast and including at least one carriage frame 
member extending laterally across a front side of said 
monomast, 

a fork carriage mechanism to which forks are mounted; 
and 

a reach mechanism coupled to said mast carriage assem 
bly and said fork carriage mechanism for effecting 
movement of said fork carriage mechanism between 
an extended position and a retracted position, said 
reach mechanism including at least one laterally 
extending cross member which is located in vertically 
spaced relation to said carriage frame member when 
said fork carriage mechanism is in said retracted posi 
tion. 

14. The materials handling vehicle as set out in claim 13, 
wherein said at least one carriage frame member comprises 
first and second carriage frame members extending laterally 
across said front side of said monomast, and said cross mem 
ber is located between said first and second carriage frame 
members when said fork carriage mechanism is in said 
retracted position. 

15. The materials handling vehicle as set out in claim 13, 
wherein said carriage frame member and said cross member 
intersect a common vertical plane extending in front of and 
generally parallel to said monomast when said fork carriage 
mechanism is in said retracted position. 

16. The materials handling vehicle as set out in claim 13, 
wherein said reach mechanism comprises a plurality of cross 
members and said carriage frame member is located between 
two of said cross members when said fork carriage mecha 
nism is in said retracted position. 

17. The materials handling vehicle as set out in claim 16, 
wherein said fork carriage mechanism includes at least one 
laterally extending fork frame member, and said fork frame 
member is located between said two cross members when 
said fork carriage mechanism is in said retracted position. 

18. A materials handling vehicle comprising: 
a vehicle power unit; 
a monomast comprising a first stage weldment coupled to 

said vehicle power unit, a second stage weldment posi 
tioned to telescope over said first stage weldment, and a 
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third stage weldment positioned to telescope over said 
first and second stage weldments; and 

a fork carriage apparatus Supported on said monomast; 
said fork carriage apparatus comprising: 

a mast carriage assembly directly coupled to said third 
stage weldment for vertical movement relative to said 
monomast and including side members; 

a fork carriage mechanism to which forks are mounted; 
and 

a reach mechanism including a scissors structure 
coupled to said mast carriage assembly and to said 
fork carriage mechanism for effecting movement of 
said fork carriage mechanism between an extended 
position and a retracted position. 

19. The materials handling vehicle as set out in claim 18, 
wherein said Scissors structure of said reach mechanism com 
prises: 

first and second inner arms, each of said first and second 
inner arms including a first end directly Supported for 
movement along a vertical track in a respective one of 
said side members and a second end coupled to said fork 
carriage mechanism; 
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first and second outer arms, each of said first and second 
outer arms including a first end directly coupled at a 
pivot point to a respective one of said side members and 
a second end coupled to said fork carriage mechanism; 
and 

said first and second inner arms coupled to said first and 
second outer arms. 

20. The materials handling vehicle as set out in claim 19, 
wherein said reach mechanism further includes a plurality of 
cross members extending between said first and second inner 
arms, and having lateral edges attached adjacent to front 
edges of said first and second inner arms to define an inner 
arm weldment. 

21. The materials handling vehicle as set out in claim 20, 
wherein said inner and outer arms extend Substantially verti 
cally and are in overlapping relationship over said side mem 
bers when said fork carriage mechanism is in said retracted 
position. 


